In this paper, wideband ground penetrating radar (GPR) system and a proposed frequency domain data analysis technique are presented for the detection of shallow buried objects such as anti-personal (AP) land mines. The GPR system uses one antenna for transmitting and for receiving and. it operates from 9 GHz to11 GHz. This system is able to acquire, save and analyze the data in the frequency domain. Common Offset technique has been used for acquiring and processing the data. This technique is effective for the rejection of the ground surface clutter. By applying the C-scan scheme, metallic and plastic mines-like targets buried in dry soil will be located.
INTRODUCTION
Anti-personal (AP) land mines are explosive devices placed on or beneath the surface of the Earth for destroying vehicles and killing or maiming human beings. Mines are usually deployed during a military conflict. However, they may remain in the ground undetected for decades after the cessation of hostilities. The United Nations estimates that there are currently over 100 million land mines buried in 62 countries throughout the world, and that the number of deployed mines increases by approximately 2 million each year, and accidental detonation of mines kills or maims 600 or more people a month, predominantly civilians [1] . The resulting injuries have devastating effects on the lives of the wounded and place incredible demands on the quality of life.
Since World War II, the United States army has investigated many different technologies for detecting land mines. These include the use of electromagnetic radiation over a wide spectrum: very low frequencies (metal detectors), radio and microwave frequencies, infrared and optical frequencies. The sensors operating at radio and microwave frequencies are often in the form of Ground Penetrating Radar (GPR) [2, 3, 4] . Systems for finding non-metallic land mines were also developed. Even though systems were developed and tested in the late 1960's and early 1970's for these tasks, shallow target detection remains to be one for continuing development in GPR. This application has significant difficulties due to the propagation losses in the soil, the low contrast between target and soil electrical properties in some cases, and because of large variety of clutter echoes from the rough surface and other shallow contrasts such as rocks, tree roots, etc [5] .
Recently, a GPR system was reported by Sato et al. [6, 7] for detecting the shallow buried object. The system operates in the frequency range between 2 MHz and 6 GHz, and an array of broadband Vivaldi antennas was used for transmitting and receiving. The Common Mid Point (CMP) technique was applied to acquire and analyze the data. The measurements were made in frequency domain and the acquired data were converted to time domain. A migration algorithm was applied, and they demonstrated that the algorithm is effective to remove the ground surface clutter effect and that the system could detect a model of plastic land mine of 78 mm in diameter and 40 mm in height with an antenna height of 5 cm and object depth of 2 cm.
An alternative technique was proposed by Brunzell [8] for solving the problem of the ground surface clutter using the Maximum Likelihood approach. A GPR system was also demonstrated by Groenenboom et al. [9] for the landmine detection using a dielectric filled TEM horn transmitting antenna and a small loop receiver antenna below the transmitting antenna. The system operates in the frequency range 500 MHz to 2 GHz. Two-dimensional moving average subtraction was used to filter out the response of the strong surface reflection.
A stepped-frequency continuous-wave GPR, called SAR-GPR, was developed by Sato et al. [10, 11] . This system can acquire CMP data. CMP stacking and Kirchhoff migration algorithms were used to locate the landmines. UWB array-based time-MT Proceedings of the 15 th Int. AMME Conference, 29-31 May, 2012 domain radar operating from 500 MHz to 3 GHz for landmine detection was also reported [12] .
The review shows that the design of UWB antennas and the technique for removing the ground surface effect are two key aspects in determining the performance of a GPR system.
In this paper, we report a frequency domain GPR system that uses one antenna for transmitting and receiving operating in the frequency range between 9 GHz and 11 GHz and a frequency domain object location technique with equations presented in Section 2. The GPR system is able to acquire, save and analyse the data measured in frequency domain. Common Offset technique is used to acquire data and also for data processing, which is simple and effective for the rejection of the ground surface clutter. The system has been tested in the laboratory. Its ability to detect metallic and plastic objects by using A, B and C-scan schemes will be demonstrated using several examples in this paper. The system, principle of buried object detection and the results of experimental evaluation will be presented in the following sections.
SYSTEM SETUP
The frequency domain GPR system mentioned above is illustrated in Fig.1 . The system consists of a transmitting / receiving antenna, a vector network analyzer (VNA) for the frequency domain measurement, a computer for measurement control, data analysis and result display. The operation of the system is managed by computer program, which performs two main tasks. Firstly, it acquires the transmission data in the frequency domain from 9 GHz to 11 GHz containing the information of the reflected microwave signal from the ground and/or buried objects. Secondly, it saves the data of the received signal in the form of S11-parameter at selected frequency points over the range.
Data Analysis
It is known that one of the most important factors, when applying GPR, is the reduction of the ground clutter caused by ground surface roughness and inhomogeneities of the subsurface material. This clutter is spatially random. On the other hand, AP land mine is a relatively large and smooth object compared to other sources of natural clutter, such as gravel and crushed stones. Therefore, the scattered waves from a buried AP land mine are spatially more correlated than from natural objects.
As the clutter masks the response from shallow buried land mines, a special signal processing stage was proposed by Groenenboom et al. [13] to remove the ground surface response and associated clutter components. Average and moving average background subtraction had been used to reduce clutter. Another statistical method of clutter/signal separation based on principal and independent component analysis (PCA/ICA) was introduced by Karlsen et al. [14] . A theoretical study of the clutter reduction algorithm, which used numerically generated rough surface backscattering coefficients, was presented by Salvati et al. [15] . In a surface clutter reduction algorithm, every A-scan signal was modelled as a sum of damped exponentials. A MT Proceedings of the 15 th Int. AMME Conference, 29-31 May, 2012 set of exponentials considered as early time surface clutter was removed further from the GPR data. Expansion of the GPR signal into damped exponentials was employed also in a parametric clutter reduction method by van der Merwe et al. [16] .
This method requires precise knowledge about the signal from the buried object. The effects of interaction between the antenna and ground surface were also subtracted using a two-port model representing the radar antenna in [17, 18] . The transfer functions of the two-port were determined using several calibration measurements above a planar metal sheet. Then, the measured signal could be transformed into the reflection coefficient of the electromagnetic wave from the soil and thus all the antenna effects were filtered out. Consequently, the ground surface response could be subtracted as a reflection from the air-soil interface. After suppressing the clutter, the GPR image could be built using migration or synthetic aperture techniques that could enhance the weak target response. However, performance of the synthetic aperture method degraded in case the object is very shallow [19] .
In this paper, to avoid both the effect of the ground surface clutter and the antenna coupling in addition of detecting the location of shallow buried objects; a new data analysis technique described in Eqns. (1) and (2) is proposed:
Where WOO indicates the data measured without object and WO the data with object, f =1, 2…801 is the number of frequency points, S11, wo or woo (f) is received transmission signal at frequency f. The analysis using Eqn. (1) gives the frequency sensitivity indicating the frequencies that are sensitive to the presence of the object, and the indication of the presence of an object. Eqn. (2) gives an overall sensitivity measurement over the frequency range from 9 GHz to 11 GHz. By analyzing the results obtained using Eqn. (2), the location of buried object can be identified, which will be illustrated in Section 2.2.
Experiments Results
According to the scanning dimensions, the GPR data will be presented in three different forms, i.e. A, B and C-Scans. With the definition of the 3D coordinate system shown in Fig. 2 where the X s OY s -plane represents the ground surface and the Z s -axis represents the direction into the ground, the A-scan is a set of measurements at one transmitting and receiving configuration. B-scan is a collection of A-scans along one horizontal direction on the X s OY s plane (e.g. X s -axis), and Cscan is a collection of B-scans along the orthogonal direction on the X s OY s plane (e.g. Y s -axis). In operating the system, firstly A-scan is carried out to present the frequency sensitivity ∆S (f), which is followed by B-scan to calculate overall sensitivity ∆S. Finally, C-scan which will be used to detect the location of shallow buried objects is applied. A, B and C-scans can be considered as 1D, 2D and 3D data respectively [20] .
Metallic and plastic objects, with dimensions 6 cm x 6 cm x 3 cm, are used to represent the mine. These objects are placed in a plastic box filled with sand. Fig. 3 shows a metallic object in the sand box with dimensions 30 cm x 30 cm x 30 cm, the metallic object is investigated first. The measurements are made by the VNA, and the data are recorded in the computer. The same procedures are applied to the plastic object. Figure 3 shows the antennas in the A-scan position, with the metal object buried 2, 6, 10 cm. At this A-scan position, the object is at h = 8, 12, 16 cm from the transmitting antenna respectively (such that antenna height (d) is 6cm as shown in Fig. 1 ).
Metallic object
The measured transmissions S11 data with and without buried object are analyzed by applying Equation (1). The frequency variations of ∆S (f) due to the presence of the object at h = 12 cm over the frequency range from 9 GHz to 11 GHz are shown in fig. 4 . The analysis of the results in Fig. 4 shows that the object's presence can be detected with good sensitivity at a frequency of 10.8 GHz.
Following the first A-scan, a B-scan is carried out to identify the metal object location in the X s -direction. The B-scan is formed of A-scans with a step distance of 2 cm. The Common Offset (with zero offset) data acquisition technique is applied to collect the data from the first A-scan location, and further 16 A-scan locations. Fig. 5 shows the results of the signal level difference ∆S obtained using Eqn. (2) for different heights h = 12 cm. The location of the buried object can be identified from the B-scan results. The maximum signal level percentage calculated using Eqn. (2) due to the object presence is 8 %.
It can be seen from Fig. 6 that the location of the buried object manually highlighted by a circle can be clarified from the 2D image, which is generated from the proposed data analysis technique. This result needs to be more accurate to obtain the buried object place accurately. This could be done by using bigger sand basket to avoid basket wall clutter, or by working in the real field.
Non-metallic object result
To verify the proposed data analysis technique for non-metallic object detection, the metal object is replaced by a plastic object. The object is buried at a depth of d = 6 cm below surface in a sand box of 30 cm x 35 cm x 32 cm. The antenna height (h) as shown in Fig.1 is maintained at 12 cm.
The analysis of the results in Fig. 7 shows that the plastic object's presence can be detected with good sensitivity at a frequency of 10.9 GHz.
Following the first A-scan, a B-scan is carried out to identify the plastic object location in the X s -direction. The B-scan is formed of A-scans with a step distance of 2 cm. The Common Offset (with zero offset) data acquisition technique is applied to collect the data from the first A-scan location, and further 16 A-scan locations. Fig. 8 shows the results of the signal level difference ∆S obtained using Eqn. (2) for different heights h = 12 cm. The location of the buried object can be identified from the B-scan results. The maximum signal level difference percentage calculated using Eqn. (2) due to the object presence is approximately 11 %.
The mine appears in Fig. 8 between steps 8&9 and appear again in step 1&2 and 15&16 which are the plastic edge of the sand bin which seems to be like the electric properties of the plastic mine material.
CONCLUSION
We have proposed a GPR system with one transmitting / receiving antenna and a frequency domain data analysis technique given in Eqns. (1) and (2) which removes the effect of ground surface clutter and minimizes the effect of local ground properties. Furthermore, this technique is found to be not affected by the material type of the buried objects. This system is able to acquire data in the frequency domain from 9 GHz to 11 GHz. By using Common Offset data acquisition, we are able to acquire data in the frequency domain from 9 GHz to 11 GHz. th Int. AMME Conference, 29-31 May, 2012 Metal object presence in A-scan 
